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the neutral spherically symmetric 4d black hole solutions for 5d Kaluza-Klein theory
and have shown that the horizon singularities of the neutral nonrotating dilatonic
solutions are not removed by the extra dimension, i.e. the 5d nondilatonic neutral
black 1-brane is not singularity free, except for the Schwarzschild case. This was done
by computing the 5d Kretschmann invariant. The purpose of this paper is to extend
this result to an arbitrary number p of extra dimensions. This can be accomplished by
considering the neutral, spherically symmetric 4d dilaton solutions (in nonisotropic
coordinates) of Brans-Dicke (BD) theory that arise from a reduction of the (4 + p)
dimensional action for pure gravity. In nonisotropic coordinates the Schwarzschild
case is easily identied, and, without appealing to scalar no hair theorems, it can be
seen that all other cases arise from singular black p-branes, regardless of the value of
p.






























), with M ,N = 0;   ; p+ 3, , = 0;   ; 3, m,n = 1;   ; p, and
the metric has a signature diag g
MN




















G is the gravitation constant for the (4 + p) dimensional theory and ~g =
jdet(~g
MN











is a constant, g =
det g





is the 4d Ricci scalar, and the usual Newtonian gravitation









































This is just the action for Brans-Dicke theory in vacuum with a BD scalar eld ' and
a xed BD parameter ! =  1 +
1
p
. Therefore, vacuum solutions for the Brans-Dicke
2




vacuum solutions for (4 + p) dimensional Einstein gravity, and these solutions can be
interpreted as neutral nondilatonic black p-branes in (4 + p) dimensions.
The static spherically symmetric BD vacuum solutions [4],[5] have been studied
previously by Campanelli and Lousto [6], Saa[7] Rama [8], and Kim [9]. Campanelli
















































, m, and n are constants. In terms of these










The Schwarzschild solution is obtained for m = n = 0, in which case ', and hence the
extra dimensional scale factor B, is a constant. By examining the 4d Kretschmann




Campanelli and Lousto have concluded that no
physical singularity exists at the surface r = 2r
0
for solutions where either n   1
or m = n = 0. For nonzero values of n where n >  1 the surface represents a naked
singularity ( in the BD frame dened by the metric and scalar eld appearing in the
BD action).
However, the n   1 solutions of BD theory are not solutions of the (4 + p)
dimensional pure gravity theory. To see this, we dene s = m + n and use the CL
value of the BD parameter in (5), which can then be rewritten in the form
s =




  2n(n   2)(2 + !)
(2 + !)
: (6)
For s to be real valued the quantity f = (n   1)
2
  2n(n   2)(2 + !) must be
nonnegative. For  1  !  0 we nd that the constraint f  0 excludes all values
of n   1. Therefore the (4 + p) dimensional Einstein theory does not give rise to
3
any of the 4d BD solutions for which n   1. However, the Schwarzschild solution
is allowed. We will make use of these facts shortly.
To determine whether the singularities of the 4d BD solutions at r = 2r
0
can be










for the nondilatonic neutral black p-brane. Using the
































, where the four dimensional






































(m;n) are polynomial functions of m and n and are given in [6]. A
calculation for
~








































f 4n+ 4q + 4
+f(q + n)
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I to be nite on the surface r = 2r
0
, we must have that either
(1) n   1 or (2) n >  1 and B(2r
0
;m;n) = 0. As pointed out previously, the
solutions satisfying the rst condition are inaccessible to the (4 + p) dimensional
4
Einstein theory, so that we must focus on solutions which satisfy the second condition,
which is satised for B(r;m;n)  A
2
with n = 0. This is equivalent to the conditions
K
2









in (10), we nd that the only solution satisfying these conditions is the
one for which m = n = 0, i.e. the Schwarzschild solution. Therefore, except for the
Schwarzschild case, the neutral nonrotating solutions of the 4d dilatonic BD theory
cannot be viewed as nonsingular nondilatonic p-branes in (4+p) dimensions. Further-
more, the only nondilatonic black p-brane solutions for which the extra dimensions
become visible[10] near r = 2r
0
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